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m^m i ] stts t tfita?si4S _hi-« £ tifc y ? *? 
[1**352] ittlfHWIJIi*, m*y^?&&&tz>*- 

im& 7 ] tinea— $ v 9 wimm* s> * s t* \x 

Ni, Ti, Pt, P dSoit^Au^Pj^S^— :/<£ 

msm^y'?>y#®frbftz>±Mtt, n i , t i , m 

mms X XI u P x h i>> b ft 5 ^/v— :/ i 9 3#l $ 'P 
3i s/ f^WW> b ft 5 ±S Sr^*1"5 XSSr $ 6> 

7m 

£j&£r3X@i&$e,fc:«*.;5, g»*«4~8©v^ 

[0 0 0 1] 



[0 0 0 2] 

[0003] s-r, 019 st#m lt, tm<D¥mfcm 

t7r^7!«l 0 l±fc, AlGaN/^ 
7rJ1102 > nlG a N^V^ M 1 0 3, nlA 
1 GaNJ>W5n5?7y M 10 4, niGaN^f 
-f M 1 2 4 . 10 5, *5 J;t>\ pfGa Ntf-f 

K110 6 ^Hi^M^tLTV^o pfGa Ntf-f M 
10 6_k(rii, P lAlGaN^t%5pl^7yKI 
10 7«$^5„ pa^?y KJil 0 7tt, ft 
*!W>_hffi£#U P S^7yKI10 7©i!!iW^J:l; 
i±, plG a N^y^ hS 1 0 873SflM£;TlTV^„ 
IOpl^7f Ml 0 7<©iM£g|$#:j3J;tf pSGaN 
=t>-^^ hill 0 8tiot, P yv?§|5 (5fett©^ttJ 
SB) i>mi&&hx^?> 0 P S^7-7 Ml 0 7_t*s.fctf 

plGaNay^^ Ml 0 8 ©±ffiCD-§|5±^(^ S 

i o 2 it^fc*5iBiftas i o 9as^*n-cv>a. ^© 

Ife^Sf 1 0 9ttl4, plGaN^y^^ hMl 0 8 CDX 
E^-gESrRttiS-^* f7-Y7'ttc0MP§|51 0 9 a7)S 
Rtffe*L-C^3. ^tr, *roMPSRl 0 9 a&^L-C 
plGaNay^ Ml 0 8 ro±ffi©-SP^Stti-5 

J;5ir, pltii l 5!js»*snrv^5 D s i o 2 Jl 

^Pj^Sfe^SIl 0 9*5j;l>*pM«tIl 1 5X(C}4, B 
mmi 0 9*3£U!pMS*l 1 5§ra5i5(-^ K 

tiii6 aasjg^snrv^s. 

[0 0 0 4] Ml 0 9^bnlGaN3y? 

^ Ml o 3S-e©-^ffi^^s$rur*ji9, 

iGaN^^^ Mil 0 3©KmLfc^j5iC, nit 
Si 1 2mm^X\^ 0 tSb\C, rcOnMftSll 
2Uc*>'*v Vmmi 1 6 b^^S^^'r^^S. 

[0 0 0 5] ±E»i 5 !fe«3&Sr^n-5^*©^ft« 
7t^T-0«»lg^t LTi4, a">7 KtSl 1 6 a^b, 
PIIS115, P7-^«t5plGaN3^ 
^ M81 0 8*3it>'pl^77 Ml 0 7*gT, pf 
G a N7?V M 1 0 6 , ^ttS 10 5, nlG a N^V 

Ml 2 4, 1)1^77^10 4, nSGaNay? 
^ M 1 0 3 , nltfl 112, ^7 KSffi 116b — 

SSJi 1 0 5 ©iH^t-^T, !f3fe*3S^$*S Z- 

[0006] g|20~H25ii, El 1 9^L/ttt*» 

T-fcSo ^!-, HI 9-0 2 5Sr#ff,LT, 

[0007] £1\ H2 0t^-rJ;5t, f-77-fTS 
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SlOlJitr, AlGaN/%7rll02, niGa 
N=>>^ Hi 0 3, nlAlGaNW45ni^ 
7 7KI10 4, nfG a Ntf-f KJf 1 2 4 , 1 

0 5, plGaNWKIlOe, pfAlGaNH 
45pl^7 7 Kill 0 7*5j;0pSG a N^y-^ h 
il 0 8£*^#jf^fcg£-fr3 0 *CDm, plGaNn 

hJfl 0 8 ±<Dffi%ni&\ZX Vv-CT-VKDUi?* 

h 1 1 0 5rffM-r5„ 

[0008] Ric, El 2 i J; 5 ic, vs?* b l 1 

O^^iU, plGaN3y^^Ml08j3j; 

[0 0 0 9] pSGaNay?nil0 8j;(OI/^ 
M 1 0 £6fc* El 2 2 fc^-f-J; 5 tc, pfGa 

NayW Ml o 8ft£XfpM.??<y KSi o 75:8 

5i5i^ s i o 2 ^p>*5*fti(iaR i o 9 fcitart-So 

^LT, fg&jgl 0 9 Ji©0f)e««{r, M 13 

[0010] -t LT\ l/-^Hl3^^iLf) 

xyh^ff^mitiai ife»igio9{r. ei 

2 3(;:*£*T,3i h7-f^co|BPai o 9 a 3r 
JfM1-5o i^* M 1 3 &BtefeLfc«, KftKl 0 9 

±co P M«ffii 1 5mM£tizmmsk?\-<Dmm^. w 

M 1 4Sr^-f5o -COWv 5 ^ h 1 1 4%Jtmv 
fciWl-C, MP§fll 0 9 a}C£oTR!±!£;ftfcpSGa 

[0011] El 2 4{c^i-i 5fc, P^Wffil 1 

5£i/-^;s H 1 3±, ifefilll 0 9_L, &J;t^ MP 
gP 1 0 9 aF*3tB(iiLfcpiGaN3^^ bJf 1 0 8 

[0 0 12] iOf, Uv^ b 1 1 3%?&i;i-%Z.b{C 

MSI 1 5£j&£i-5. C©J;54y7ht7Mffi 
V^T. PPgBl 0 9 a^LTplGaNa^^ hM 

1 o sicmawi-aM-rspM^si 1 5^jfm$^ 
[0013] ei 9i^Lfci5i-, mmmi 

0 9MnfGaN3y^ hJg 1 0 3*-C(DM«CO— 

N3y^^Ml0 3dgB±!;, nltffill2^| 
LT> pitfil 1 5Ji^J;t)?n§ymffil 1 
2_h(r, KSffil 1 6 aUSitfl 1 6b&»^t 

5o 

[0014] roi^iat, Hi 9fciSLfcfie*©¥ 
[0 0 15] 

[^SW^ffftLiStrsSftS] L*»b*iSb, Ell 9 
9COHng|51 0 9 a}±, !) y-^S (plGaN^y^^ 

Mil 08) <D±m±<D~u^<D^mm-ra^icm 



f&£tlX^?> 0 Z-<D±#>, plGaNay?^HlO 
8 t pSfil 1 5 tlis plG aN=J^^^ bill 0 
8 JiffiO-gRJi-e©^g«LTV^5 0 tt*T* 
fi, plGaN3y^7Ml08tpSt«l 15t 

[0016] Sfc, 119 fc^Lfc&#©¥»#35ttiS 
^Wffig-eBu MST'&SiSttJil 0 5^?,fflM 
f±, plGaN^KI10 6, pS^7yKI10 
7 N pSiG a N=!>-^^ hJB 1 0 8, pMWI115*5 
£U^S> 1 6 a^^LTtT^tlSo 

ft*T-i4, ±BW>J:5fc* pfGaNay^ hJB 1 0 
8 t pitSl 1 5t©a^? hffiifliaS/hSVVfc*, 

asiMg-cfcSfStefi l o 5 ^t©timct5r t 

[0 0 17] ^*©^3f^3S3fc*^©K5S7 P n-fe 
*-Ctt. _hfB©i5t, MUl 0 9\cmnUl 0 9a 
*»*Lfc«, !)7Ft7ffi^TpItI115& 
Mu^fc. r©i§-3\ l o 9(^inS5i o 9 
a SrffMLfcm, ifttld&l 0 9±fc W?* 
jSLfctft*-?, HPg&l 0 9 arti-gffiLfcpMGaN 
hjg 1 0 8©«ffi£2fe#1-5iftg;d5fc3 0 £tf> 

T, plG a N = y^^ hJgl 0 8<7)*®£gfc#-f5 

s i o. z frhtium±m i o 9 t: /• : i i- > x h i i 
4^a«1-2.£^5^H5^^ic5o £0>fc», 

HU plGaNay^7Hl0 8<DgIlt i5fc#7j© 

ffefeTftt, pMGaN3y?7Ml08©SI©»ft 
JK^SSWSr+^^ft^-f 5 - t M:HSfe*>ofc. Z<D 
mSk. plGaN3y^n|10 8©»tm 
SfeKigB L-T\ pSifI115ipiGaN3y^n 

Mi o 8ioa^^ HWti>mw«©"C, 

[ools] r. ±ie© J: 5 3 

^^^^ MSK^e«1-5ii^^ft^*IS*»T- 
[0019] rof|©t, 5— ocDSKjtt, JiE^^jS 

[0 0 2 0] T.(D%m<r)£: bich 5 — _hfB 
CO¥*#:*>t*T-*3itK^CO»ii77SCSoV^T, fi:$fft 

[0 0 2 1] 
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[0022] ilB-roJBffiKiS^ttafts&^fc**^ 

^^m-rmimma^^yf^^^^^ t lxm 
vm.^ms,\^ l &m-fi>^k^x^^ a 

[0 0 2 3] $fc, ±fB©t&£\ «^S©±ffi*3«ttHU 
ffitc^^^S^y P*f btfiS «fc 5 i-LTt 

k <Dmmm&mixii-z>, r ©iras t /< y k«s t © 
mmm<nmm t , ±k l/c y * t t © = v 

[0024] ^©3SWoffi©^ffi{cJ:«iNlfl«3t*? 
©Kii^&ii, &ffi)l£^t?¥*#*i:(;:, SSiftS 

[0025] ^<Dm<Dmm^£%^fcmytm^?>9i& 
umxn, ±ia©±5t, wttfts/B^t^s'f-v 

y y^£»f 3- ttioT, y ;y^SB©±E©IS 

ff^ffi Kgjtt-t 5 mm k ft 5 s mm £ n s © x% v ? 
art # Bifg^^^flsis^^T- zmmmtfi-rz zt& 

T*#5 0 «TII J: fc, «« 

y © J:B ^* W-T 5 ^ ^ ft V , «©XStds 

^©*ffi©Kfl^MSfeS-eBLT*«£ft5Jf £ y ?/ 



T*£5„ ^©s*. ustftsjfty y^t©m»ft 

^JI^^^^^Lxy yi^»*JgjjM-5rfcK±o 

[0 0 2 6] _kfBffi©Jmffi(-£5¥«f*f£)t*^©S«g 
^Sc&jS^T, »£L<i4, SStftSS^ii^s^ 

[0 0 2 7] J:fate©J»ffifcJ:3¥»^3fe3B^©;K5t 
yf> ^W^tf* b ft 5 _kg t £^Tfr„ r © ± 5 IC* 

v ^tt Sr J* fc* 5 &£ «s ft v ^ © T\ TS 5 

[0 0 2 8] ±Eoi^, #*U<tt, *-5y^HS 
W^?>ft5TSi^ Ni, Ti> Pt, PdlJoitfA 
u A » 6 ft 5 >r / v- 7° £ 0 m$l S 5 ft < k % 1 o ©M 
^ b ft 5 S yf-y W> b ft 5 ±* 
i±> Ni, Ti, IfiSlffeitKWv'.x h^^ftS^/V- 

^ y ^ >- ^w-f ft 6 ±a % mis-f 5 is & $ t. Km 

«»»©T)i©*a^ft5Stfii&*S(-«-r5 r k 

[0 0 2 9] Ji|Stt©Mffi{cJ;5^f*|S**^©»3t 
SfftKdS^-C, »*L<!4, ¥«f*S*5J;I>*S«fcft5 

SJi $ * 5 n n a ^JFM-T 5 IS k Sr $ b t fit 
[0 0 3 0] 
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^xum-tz, 

[oo3i] (mimnj&n) am *mw<omim 

5„ 

[0 0 3 2] H^#ILT, ^l^S^ffi^i 

M^HTii, f7r^rMl±t, AlGaN^y7 
rl2, nlGa N^V*^ hB3, nlAlGaN^ 
b48nl^?y K»4, nSGaN^Kfl4,ffi 
ttH 5 , *5 «t t>\ piGaNWFIe IfiWmm £ *b 

T^So plGaN^ KJi6_kmii, ai£<n±.m%ft 

tSpfA 1 GaN^?,45pf?7y KS7^^$ 
fi-CVS. pffl^?y KJi 7 ©fittHS^Jil-rt, plG 

Kl7©fltmWplGaN3y^^ H8i:i 

[0 0 3 3] ^ r -c, Si V y 

fiK-T5pffl^7y Kl7fci(FplGaN3y^^ hJS 
8©Mffii, U yi?&)2Xft<Dpm.?7-y KB7©_hffi£ 
£«5£5m, »2 0 0 nm©J?^£rW-f3S i 0 2 ;5> 

SGaNaV^^ hJg 8 ©±E©£«£gffi £-£5 ffl P 

[0 0 3 4] *fc, miMMftMXlt, plGaNny 
^^M8±iC}4, plGaNay?^ Ml 8 ©_h|B© 

Spitii o^j££tvci/^o r©pS«Iio 

ftTV^ 0 plllioit t-v^iS^S 
T?**sy^r/P (Ni) A^/iSttfcl:, 5 

**s, pltSioii, #3SW© r«s)ij eD-«-Cifo 

a. 

[0 0 3 5] pMSS l o ©iiffifc imflffii , £&«ai 
9 ©J:®*? it/«ffi t £S 5 <fc 5 m, KSffi 1 1 a 

nm^ff^^^fl-S^^^ (Ti) , filOOnmCf 
7f£fl-f5 6& (Pt) Siffl3 0 0nm©ffMt 

-rs^ (au) asifcJiSixfcfcjt&^rt-s, «ot, ^ 

y VWSl 1 ali, »5 0 0 nmOTj^&^tS. r© 
/>?F1I1 1 aft, WbpftllOlCtMft 

[0 0 3 6] iii9A^nlG aNay?n 

M 3 XtO— tlXftV, ^OnlCaN 

=i ^ ^ vm 3 ©arm Lfc^siim, nits 1 2 ^ 

mill 1 b^^^^rv^S. rco/>V Kttil 1 b 



[0037] _h!s© i 5 te«fie**i-5fs 1 mmmn<D 
¥m#mjtmi-<Dmmmmb lth:, vmmi 1 a 

pltffilO, V ?i?«ti«t6paGaN3 
V** bS8*=itFpM^7s/ RJf7£rfrT, plGa 
N ^f-f KB 6 , ?£ttJi5, nlGaNWKIU, n 
1^7yKi4, n^Ga hJf3, nftt 

1 2, k««i 1 b^tmmmnZo rftmi 
*) , y 5/ ^coT7j!-f4»-r5?sttJi 5 ©fittm^ 

[0038] sfc, jifsufcm 1 wmm^mwwdt 
simcis^-c, mm^xhzm&m5frb<njmte. p 

lGaN^K|6, pf^7yKg7, plGaNa 
hB8, plttl Ofcitf^V KSffil 1 a£ 

[0039] mi mmjfmxi^ _htE© ± 5 m, p mg 

m, pltSiOSrMtSrttiot, «© P i 
GaN=r>-^hjfl08 (Ell 9#lf.) ©iiffi©-£l$ 
JiW^irgtti-SpMSei 1 5^^-T5^(cit^ 
T, pliG a N^V^^ FJI8 t pSISl 0 fc©^ 

[0040] Sfc, «i*»»i-ci±, ±ta©J:5m, 

plGaN = y^^ h-«8©±ffi©}S}3:£SmS«-f3 

±5Kpa«ii o^^i-atttii:, pltiio 
v vnm 1 1 a sr p mnm 1 0 ©±b» j;i>*«b^« 5 

J; 9 i-^-rSc. rftm X o T, pfC a N 3 > ^ :7 h 

is tpMmtn oi©^^^ hffi^^7c§<-r?.r 

b&XZZbbhfc, pliSl OMyKISl 1 a 
i©B»ifi«&*#<i-3::i#-c#3o ^^ao 
t, y yi^»«»e>pSl«ii o^©36W», *siW, P I 

«« 1 0 frb'* y VWS 1 1 a ^©ftfl^^ictf 5 r 
t*S"C#5. ^©Igm, ISfilC^&5ffittJi5^b©ft 

[0041] ei 2 ~gi 6 it, ei 1 Lfc^ i mmjtm 

lc X 5 ©SigT" 13 ir ^ SrSiM 1" 5 fc * © 

WffiHT&So 35cm, 0l~ia6Sr#J|gLT, S 1 *M 
^«©¥^fr*7t*^©S^nir^mov^T^-f 

So 

[0 0 4 2] £f\ E 2C*t =t 5 m, t7r^7l« 
i_hm, MOCVDffi (W«^JR^Cffl^*«fe) JtcifroS 

iSSM^t, AlGaN/^7712, n^iGa 
N^y^^bJl3, nSAlGaN^?>45nI^7'7 
KS4, nlGaNWKIU, ifttJi 5 , pfGa 
N^^WplGaNWKl6 > pfAlGaN^t 
45pl?77 KS7, doitF, plGaN^y?^!- 

[0 04 3] ftl^ pSGaN^y^ hjS8©_hSi 

^, ^iWb*ig7Kt©?l^«^Sfe#bfc^, $b 
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plGaN3y^^M8_hl:, ir— 5 y 9 WffitW~Z 
hZbbhK, B^yf-^^ttSr^-TSN iS (Big** 
1 s ) ^5 0 0nm©f^««$t5„ ^©N i H± 

\z.v^y/<9—"y m^-f) tmatu -ti^* 

1-5. 

[0 0 4 4] Wc, El 3 H^i-«fc 5 fc, pSSffilO^r 
•7^^tU, piGaN3y^^H8fc'J;0!pS^ 
7 y KB 7 £ 2 0 0 n m~ 6 0 0 n mCDff^^lj" F 7 

WtplGaNay?^ M8 ti^45!)yi?S 

[0 0 4 5]*!;, g|4(^-f-J;5(-, ^^CVD 
«feftif*fflV^r, pl^7yKl7, plGaNny^ 
* M8*5i[FpIiSl 0&«5 £5S^ S i 0 2 A> 
6ft5lft8W9*l92 0 0niii©ff*"C»^S o -t L- 
r, |ftBK9Jitc, 9©£*£*I£>&£pJ: 5 lc, 
spffifk h l 3 Sr^*i-So 

[0 0 4 6] £©&, l5!vSf<t5t, CF 4 ^CD^ 
yfy^Ml/^RIE (Reactive Io 
n Etching)fttiot, ¥iftW^M3 

*s±u«iPft8«9ft, iB8kit9©±iif*SpSlMiio«)ja 
«9U:, pgltffii 0©±ffl*J,fc'C«||ffifcBttttiS*3HI 

p»9a!jsiBS^»K»«sn5. -©it 

[0 0 4 7] 01 Lfc £ 5 feW 9 3> 

f,nlGaNny^ h« 3 {C^3*^©-§l50>«#«r 

>99 hmstDmrntv-nzmmmtZo ^»niGa 

nltll 2±£lc\ EB (Electron B 
e am) 8c£ffl^T, K«f 1 1 a *3<fcO*l 1 b £ 

Jf^-fSo KISl 1 a*3iCKl 1 b li, ft 1 

0 0 n m ©*#.£#?- 3 Ti, filOOn m ©*#-£*■ 
t5P t*5itK»3 0 0 nmO^WtSAu^tft 

5 s «t 5 nu&as-t-s. 

[0 0 4 8] £©.fc5fc:LT, HllciSLfclSlSllBg 
miz i 5 ¥#fl£3&3fc^#^j£ $ tt 5c 

[0049] mi mm&m<DW!k7°v-Kx-?tt. -tie© 

Sr*1-5Ni 5r-7^^tLT, pf^ 9 y KJi 7*5i^ 
pSG aN^ >9 9 H8^x^fy^Lty yi^Bfc 
^riWScttioT, plGaN^y^^ hJS8C0_h 

ffioii^ffit^ftti-rs «t 5 pits i o ^^t- 



5rt^5„ ^JlCiot, |J©piGaNay 
^r-Jtl0 8 (H19#BB) ©_kffi©-gB_h©#.i£g 

itSpSSii i 5*jg*f sa^-uut^r, pIg 
aNny?^ M8tpISffii ofc©^^ hffiffl 
fc**< ^©S*. ^y^^hSi 

&fi*t- 5 r t ^m^mw-mitm^-^mm^m-r 

[0050] £fc, iSi^M^icDM^p-fe^-m, 
y^ttlrttSN i «r, pi?7? KS7*5j;t/pMG 
^^turfflv^«{c, ^oJSpStSiotLt 

MV^ci«S-et5©t, plGaNny;?^ hS8(D 

±m<om£±mz&&tz pitui o £ffWi»/ 
p -ir * -e^jt-t" 5 ^ t jjst? § 5 „ 

[0 0 5 1 ] ^l^S^«l©Mi£^nir^-t:-», 

r-S8©_kffi_ki;i\ pIlI10©fffl-ffc5Ni^f, 
/i5i 7 fy^x ? %lfMLfcm±. plGaN^y 

99 h»8<D±.mmm-r s-t^&w w±o 

•54t£-|-t>* a^LfcplGaNay^ hS8©*ffi 

±5, p IG a N n y ^ ^ M 8 raSffiWtmiK 
iHUplGaN3y^^M8i pltSl 0 t<D 

#3„ Z<dW%. p®g a Nay^ r-Jf8 i: pffiSffi 
1 0 5 v9^V99 hSrWSifcaSBni 

[0052] sfc, mimmBm<Dn&7°v±xxn, 

pIlSMt'&SNi^x^tLt, pl^5yF 

iTioWpiGaNny^^ \>m%*y 74 

£ y ?/ ^©JiffiJit @ El^-^lcMt 5 r t ^T-t 
5„ 

[0 0 5 3] 4fc, II SUfeJg«oS!Jt7 p n*^-CM:, 
_kfa©<£5t^ piltil 0Sr^l5 0 0 nm©^;tv>lf: 
*t«t5ci!aoT, pltSl 0©±ffi©,«$ 
^iS<*S. Z-tiKXV, pItSl0?:i5W1ti/ 

BmZtitc^mtisVT. h l 3©J¥^-^J¥<ffM1-5i 

-rZ>¥-m\L^V7- V 1 3©J?^*v^Ji^©J;5(;:, ^ 
yfy^tiot!) f s?&&0-©««±fc&»-r5¥fi 

ft^^ b 1 3^iS$ht, y yS^H$£JL0.©SWgU:K 

^im5„ 19, ^l^»ffi©M®7°P-irx-x- 
f±, pltSl 0Of^f<t5rttioT 1 ¥ 
mt^s* V 1 3^fflv^5$6»JgPSP7°P^rx^S^t 



[0054] (M2mMjm) mm, #3bh©ss2^ 

[0 0 5 5] H7t#ILT, » 2 J: 5 

Tit. ei i i mMj&M<D¥m&mytm* t m 

y r^«t5 P I^7^ KJf7*5±tfp3! 
^<DB»m9^ piGaN3y?ni8©±iBffl4 

3„ 

[0 0 5 6] ^2HJfiJg«-eB:, Elll^Lfcfg 

1 JUteJK«S©*Sl 5 0 0 nmWjJ^-^^r-t-SN i ^f>&3 
pitll 0dftt>9}-, $2 0 nmCD^fc^TSP 

5pSli2 OSrffl^S. r©plli2 0(t Sit 

g|5©pMGaN=!y^^ Ml 8 CD _kffi CD i^tt 

T&SPdit, plGaN3^^M8tfLtfi^ 
ay^^hfiW^L, Ault flSIIlONi 

[0057] ico^2«^«ri4, mimmmmtm 

ftD, Plli2 0|: > N i ic&^Xl&^yf? bffigfc 

5 Au«i ^jgja-rs 

tSrtmSiHt, ffiW§5^cQ#t«£ft 

[0 0 5 8] *fc, f^lll&^fiTfi, JifBSl^ife^ 
piGaN^y^^hlSfflilfflBlJ^ffi 

ing=«T3 i 5i-pM«ffi2 0 4^t5i t fcf-, 

V FtSl 1 a*plIffi2 0©lffij3i«IB^i9 
i5fc«t5^tiaot, plGaNsy^^hS 

flS^tSiifcfc:, pifg2 0 ir/^ KSffil 1 a t 

yy^»bpiti2o-»iS! 

33±l>\ p!lS2 0^^y KttSl 1 a -C0#t 

[oo59]^i2 mmmmx^ ±wm i sssbb 

pfGaN^y?^ hB8cD_kffiCDIJ{3f£ffi 
T> «OplGaNny^^Ml0 8 (@19# 



ffi) CD_hffiCD— gP±CT)^-(CSi*-t5pS*Sl 1 

j£-f Sit^i-it^T, plGaN^y?^H8tpl 

5. 

[0 0 6 0] El 8 ~E1 1 2 g| 7 id* L/cl? 2 JjJW 
ffiEIT'&S 0 £IT, E7-E1 2Sr#,ff.LT, |?2*fi 

[0 0 6 1 ] £1\ B 8 fciW: 5 fc, *7 r ^7iS 

i±k, MOCVD& mm&mmmnm) fcifcos 

A/fcftSt&fflVT, AlGaN^y7rl2, nfGa 
Nay^^hjl3, niAlGaN^P)45nI?7S' 
niGaNW KS 1 4, fgttS 5 , pfGa 
Ni5^*5plGaNWKl6 > pSAlGaN^b 
fc5p3!*5v 3o£U\ plGaN^y^n 

[0 0 6 2] ^ii, pSGaN^/"^ hJi8<D_k[Ii 

plGaN3y^?M8±OiBI;, Pd33<£T>*Au 
cO^JfSf (H**i*) SrffM-TSo £©Pd*S.fcT/Au 
cO^JfSffi, P d £15 2 0 nmOf^'eiKlLftft, A 
uSr3l&5 0 nmroJ»^T?±SiM1-5r tKio-C^i" 

3, r©Pd*sj;u«Au©aJiil«)BrS«tW±K:, vs? 
*b2 1&J&£U wCDi^v^ h 2 1 ^r-r^^ t LT N 

Pd*S±U«Au08WiKt3iy^^^5. WlUo 
t, B#Sj2Mm©^h9-f7 p «tOPd*sJ:'CJtAu©aW 
* 5 p Mms 2 0 £ JfMT 5 „ 

[0 0 6 3] El 9 Mjjrf i 0 Uv?^ h 2 1 33 

£OtpllS2 0*»bft53iy^-y^^^Ji*^^ 
t Lt, plGaNn^i? h«8*Sit7pffl^9y K 
g7£200nm~600 nmOS^tJ K9-T^y 
fy^'t?.. mill J: 9, p#75/ 7 coia^^ 
ipiGaNny^^ Hg8 5 

[0 0 6 4] jJcfc, |U 1 0 fcgrf i 5 E BWi if'Sr 
ffll^T, pS^7yK|7, plGaNay^ni 

8, piti2 0*5,ttjik^h2 iSr«5J;5K, s 

1 0 2 d^^S»«9Sr^)2 0 OnmlOS^tf- 

i. 5 icipffl-ftus?^ h 1 3 £S*-f 3o 

[0 0 6 5] r CO^, El 1 1 t^-T i 5 t> C F^<D 

2 OcojSffiS^i^iJSl-rSST^-rSo ^coi5(-b 
359 a«sgB»^«J{CJgfi!cSii5o ¥±1^^^ 
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* M 33d£.Xfui?* h 2 1 rtbl-J; 1 ?, 

h 1 2 ic^-r ± 5 pst«2 o<D±_mmm£n 

5„ 

[0 0 6 6] 07(^bfcJ;5(-> 
tnfGaN^y?^ hB 3 CIS *-C<D-gB<Z>fg«£- 

Kttll 1 ajsilfl 1 bSr^i-5 0 KUffi 
1 1 a&itM lbit DlO 0nmffl)|Wtt5T 
K filOO nm©g^l:Wt5P t*5j;t^J3 0 0 n 

[0 0 6 7] r»i5f-LT, HI 7 (C^ Lfcf? 2 HiS^ 

fife i 5 ^ajftl&ftiif^ as^j* £ ix3„ 

[0 0 6 8] JitaLfcm2^*^»Mit^Dlrx-e 

iGaNny^^ Ym^^v^y f-f^n^-vf-^ 
Jf-rxtbLX, h 2 lt5<tt>'pMS;ffi2 O^fb 

y^V^BcoiBro^* h 2 1 &m3:irZ>z.tlcz. 

oT, TJP<0Pd:i8«fctfAua»?>ft3p3!»B2O«:* 

Kifc/p x-y?W^x9m<r>TM (pit 

ti2 0) \m^y^y-y>&.$:ntz^z>&m^-><DX\ 
rm (pitti2o) *mm~r?>*~$y?nmm* 
mu-rmt. mmft&o&zn&LxmtR-tz^tfr 

[0 0 6 9] *fc, fE2H16^ji«8{3t7 , n-fe^t?tt, 

_hE©i5C w?* h2 i*i.fctfp3l®£2 oa»e>* 
Z^-y^-l/?-?* ?jg£r^ ? t LT, pM^y-yKJi 

s^as£J&£-r5::ifc£o-C, IS 1 SJfeJ&ffi £ 

plGaNny^^ hB 8 cD±fficD(3ff£ffiCg«-r3 
pSiS2 OS^-fS^f: ^ttlc 
ioT> af©plGaN3y??Ml08 (019 
#f$) roiffiro-lflLhtfWcg&lrt-SpSSffil 1 5£ 
J&S-f-aifre-fclJt^T, piGaNny^^MSip 

[0070] *fc, %2%mm<DWt-f^^x\^ 

7 y IBS«*fflV^r-H^t8fej^ LfcplGaNny^^ 
bJf8co_hffiJiC pliS2 0©Wi(sff&5Pd*5j; 
t*Au!&»&;fe3»JMS&J§?j£Lfc«H:, plGaN^y 



r, !Si*«ffiiihm «©xgK*swc, Ml 9 

fcWn«9a*Jgj*-*-5*&Kfc, SfLfcplGaN 

plG aN^y^ bJl8t 
p M«* 2 0 t ofi»4*- ?^3W1< £r#5 - 

S. 

[0071] m2rnmm<D9nm:^^^n. 

V 2 l*5it>*pM®fl2 ofrbtez^yf-vy-? 

X^i^v^^tU, p^75/Ff7*5j;0«pSG 

aNsv^^ vm%*^y?-yy^xv y^n^fm-r 
srtciot, finiiitw, pii«2o^ 
y v *Jn<o Jiffi-hfc S s^^tffM-r 5 r fc 
5. 

[0 0 7 2] (^3 5IJfe^*|) I13B, *Ii©!3 

[0 0 7 3] Ell 3^iLr, ^3^*Jf^(tJ;5¥ 
a?f£ « )t £ 7- © «3£ ( r o ^ T sft Ifl -T 5 .. r W ® 3 53ft ^ 

trm, IS i 2 ^ft^w^flsfs**-? t n 

y 3'^SSSr#^-t-5pffl^5s' KB 7 *5<£T>*pM 

G a Nay?? hB8©«ffi£, y j/ v^J^CD p S? 
7 y KB 7 ©±ffi£ £r« 5 i 5 » 2 0 0 n mCDjf:^ 

i o 2 ^bft3ffiliJ«9^$£^Tv^„ 

£0>lftftll9HU pSiGaNav?? M8C0j:ffiC0^ 

So 

[0 0 7 4] Sfc, *3«»Wi-Ctt, Pd*Jj:tfAu 
plii2 0 ©ilroiigiil:, »50 On 
mOJ1^.5r#-r5N i ^645pilS3 O^fiScS^l 

rv^5 0 r©pSIi2 0fcitf3 0iaot 1 pit 

i±, M2^W^tgc0PdfeJ;tKAu^e 3 ^5pili*SJi 
C Ml^W^tl»N i *^45pltS«Lfc* 

(4, m 1 LfcJS 1 *ft^«*5J;t;gl 7 fc^Lfc^2 

[0 0751 13 «w^«-et4, ^ i is turn 2 »ft# 
mtmm, piGaN3y??n8©iB©Bffii 
fc«ftH-5 ±5c> p mmrnm 3 1 sr^-f-s rtia 

ot, »©plGaN3y??Hl0 8 (Bl9# 

fig) ro±ffico-SP±ro^gjBrt5paSffil 1 5 SrJg 

^t-SS^-^Jt^T, P lGaN3y?ni8tpI 
««J13 U©3y?? bffi«5r^§<-r5rt^T^ 

So 

[0076] sfc, ig3H«fi-m, jBi*5it«B2 

plGa N3y^ hJf8«Jiffi«(i 

± 5 i- p mmmm 3 1 ^^-r 5 1 1 



VZV M8tpItSi3 1 fc<£>=^^ hffiSJ** 
^<t5rim5tHC, pItSi3 1i^-7 

K«s nat <Dmm.mmz*z < -t-s r t s„ 
SR**e> p mwiji 3 1 ~.e>jm. & ± u\ P s««Ji 3 

1 3/ 1 1 a -O^cfiSr^fWT ?Z.t 

[0 0 7 7] Ell 4-0 1 8t3, 01 3ir^Lfc^3* 

©»fffiK-e*)5o HT> @13~@18lrtlLt, 

[0 0 7 8] 0 1 4 fcSH-J: 5 fc, f7r-f7l 
«lJit, AlGaN^77rl2, nSGaN^V^ 
^MI3, nfAlGaN/)^45nl^7yKl4, 
nlGaNWKlH, ffittjf 5 , plGaNM4 
5plGaNWM6, plAlGaNH45pi 
KJ17, fcitf, plGaNaVW h- B 8 £r|l[l 

[0 0 7 9] plGa N3>W hJl8CD_kffi 

plGaNay^ hS8±CD£Hl£, Pd*5j;tMu 

ro^Hfi (HSW) Sr^(*i-^o disitfAu 
Wfilli, Pd^20n mCDJ¥^-e*S«Lfc@L A 

5„ r©Pdjo.fa«Au©i9tMJK-h^, Nil (0^Ht 
f) ^5 0 0 nmOf^t«t5 o r©NiIJ:© 
BrJ£**fcW?*I- (H**"f) WU r*b£^* 

ia»e>*5p®mffi3 0£?&£-t-3o i/'^^F 

[0 0 8 0] Ni^f)45pitS30^^^iL 

T, Pd*5iU?Au©»«If^3i^^V^-r5o ZtllZ 
ioT, g|!)2^m(D^F7-f7 , tfflPdfeJ;{]!Au(?) 

T\ @14i:^fi5^ p!tS2 0^J;U!3 0K 

45p mmrnm 3 1 fc^-ts. 

[0 0 8 1] m^, 015 t^-f i 5 P MfiSH 3 
1 ^f>45iyf y^^^IH^^ i LT, plG 
aN^W hJ!8:ioJ;tfpS[:?5?y KJf7&2 0 0n 
m~6 0 0 nmOjPfc^fcttaiyT-^rS. rfrfcj: 
9, pl^5yKl7Oi0i»tplGaN3y?^ 

[0 0 8 2] JJcfc, 01 6(C^-rj; 5t-, N i frbftZ 



Vvx\ pf^7yKl7, plGaNa^?H8jo 
iU«p5[««S3 1S:«5 *5K, S i 0 2 *»b***6 
«lf9£r^2 0 0 nmOf*T«f5„ ^LT, ftgft 

h 1 3^m^-T6 0 

[0 0 8 3] rco^. 01 7lC7F-fi, 5t> CF 4 |© 

3J3«tlWftSK9Sr, *&§HK9©±ffitfSp3!Wi 
2oroj£ffiii5$K:a»f5*-e^*i-5. i©J;5i-b 

-c, »«si 9 , P mmrnm 3 1 «j±es3 «t mus 
^ ^ifti/^ns^tsrtiaot^ 01 

[0 0 8 4] g&fcl, 01 3I^Lfci5t, ««9 
HnlG a Nay^ M 3 tS5 * ^©-^(73^ 
fra:y^^tCj:!)|ft*r5i:i:tJ:or, nlGaN 
hil3co^fficO-aSr»m$*5„ ^<Z)nMG 
a N=r^^ hJ!3(D®tbLfc^ffiJi(^ nSfil2 

£H5 £ £ t>i-, nit«12±t, EBScSrffi^T, 

vmmi i a*3it^i i b^jfM-TSc k 

mtll 1 a&itfl 1 bii. ftlOO nmCDff^^^-f 
5Ti, filOO nm©ff^Sr*"-f 5P t*3.fctf$J3 0 
0nm(OJ¥**^n-5Au*>b!te5aJi«3S*#1-5J: 

[0 0 8 5] r©J:5K:Ur, El 3K^Ufc»3*iHS 

[0086] ±mLtz.m3MffiMm<DW&yv-Kx-? 

SGaNay^^ hM 8 ^r^s/f-y^-fS^ro^iyf-^ 

e>45pSt«3 O^r.fflV^r^-rSo wiaot, 
PISS13 l^^^V^JitLT^y^y^ 
Lfc^lc, ^f-^V^Jf ©_tJieDp§i[«I3 0£r 

»©JJB*Bfc*1-3:ijgiiS*lSi&S. 

[0 0 8 7] 4fc, ^3*Jfe^«©5!Jt7 p P*^-eH:, 
_hE»i5l-, pllffil3 1^e,45iyfy^ 
t LT, pS^7y KJI 7S8j;tJ«pS[Ga 

riiaot, Sl*5J:t> , m2^»^fc^«, plG 
aN^^ bJl8©JiffiC0{S(^ffitg«-r5J; 0 

pS1«13 l^jfM-t-art^-ets. 

[0 0 8 8] Sfc, ^3^Wtl»»5@^P-lr^-^{4, 



Xl3 0 pSSSi3 1 ^ais/^^^V^^Jft 

ftfc p I«f 2 0 SrJgjfi-fS r £ 
[0 0 8 9] JKasatJMBwJBt^o-fe^-ctt, 

as i *s ixjeai 2 *i6j^flB t m.mtmmk*mt<D 

SGaNay?? M 8 ©_kffi_tj^ p ISS 2 0 ©M 
S-efe 5 P d 3o J; XI A xi frb ft Z> mamZftM 
«U plGaNa^niSCWIflit^ri^ 
*©*tH, ^ 1 *S it/B 2 SgflSJ^ffi t IH^, pi 
GaNny^^M8t pllS2 0 fc©&£f&^-$ 

[0 0 9 0] ^3^Jfe^(0iiit^D-fe^-Cfi, 
pIIW3 U>>tbftZx.y?^y^x4?m&^x? k 

[0 0 9 1] *3*J6ffl?HOTj!ijt7'n-fe^-Ctt % 
p I*S 30^5 0 0 n m©*t I >#^-t?»f 5 - 
iirioT, pa«S3 0©±ffi«)i«SiWi«<*5. 01 

tun ± 9 , p amffis 3 1 *m 5 m 3 * 

i 9 , Vy iW&ftnWii-kKL&mr&ym: v 

5o o^t), S3»W#J<DKig^nir^T-(*, pit 
i3 00Pit*S<t8-ilCJ:oT, 5p±IftUi>^ 
b 1 3£fflV^»&flgln^nir*£§J^T 5it# 

[0092] ^iaw^$tifcnjsfi^si!i, -r^r 

oitMSt & o T , i&| ft * h © Xte ft ^ t # X. h tl 
0JT14ft<#f?!t*©ffflK:J;oT^£tK $t(-#fF 

[0093] fc t £tf , _ksasg i ~fg 3 mt^iB-ett, 

I6&K9 £rR I E?££r,fflV">T^s>^"V;?'"t"<5l|gi;: x B» 

m 9 © -hffi^ p MsscoisffiK $ f-sw-r s * -ens** l 



tif£, ±.tmmmmtmm<D^^6 z t s. 

[0 0 9 4] sfc, ^l^tflrii, pillion 

NiiaotMLfciS, *ISBJi4-tltPib-f, 

5 y ^mmUPJcXhi, t t t>t»3iy^y^ttft*"f « 

[0095] sfc, m2ts£xfm3rnmmiB>-?te* ^y 

f v^V^ ^JfroTJI t Lto p ISffi 2 0 P d *3 J; 

^V^^jf©TSt LT, N i 5rffiV^Tt iv\ 
[0 0 9 6] *fc, ^2*fcf±^3^fif^-t11, pi 
IS2 0, pI?7yKi7*5itJtplGaN3^? 

St LTV^ h 2 1 *fci±N i SrfflV^^s, 
iiitclfifer, S i 0 2 fc£©|&H«*fcH:T i ft if© 

[0 0 9 7] 

[3&e»l©$i*] «±©J;5i-, 

fe©JfaiM4«rifll±$*5ri:«s-et5i:i:t^ A»ft 
[0ffi©ffi*ftlftl^] 

[01] *%.W<nm l **J&ttK J:*^*^****: 

[El 2] Ell (c^LfcBl*Wffi©^f**^T-© 
S3g ± x ZmW-T 5 fc * ©KfrffiEl -C* 5 „ 

[Ei3] mnc^Ltzmimmnm(o^m#m^m^-<D 
[ei 4] Hitc*Lfcffiiaep«©i|*«fl«3te*^© 

[El 5 ] El 1 i^/p bfcm 1 »W^«©¥^IS**^-© 
[0 6] EHt^*LfcBl*W^©¥^***^© 
[0 7] «B^<D^2^JS^fi|(Cj;5^f*^*^^ 

*L/cWBE|-e;Sb3 0 

[0 8] IS7^Lfcff2lUfi^fli}c«fc5^9f«c3S*lg 
^•©S^ p i? x f- 5 fc * © if ffi 0 fe 5 . 

[0 9] 0 7(;:*Lfclf2^«m^£5¥*f*iS^» 

[010] m7^Lfzm2mMBM^t%¥m{m%: 

©»5S ^ n i? ^ 5rtftHJ-r 5 *© »ffi0 T^fe 5 0 
[011] 0 7t*Lfc^2^»ffi(tJ;5«*|g^ 
ig^-©S5g^n ir ^ ^IftBfl-r 5 fc*©iffS0-t ; fc 5o 
[012] 0 7t*Lfc^2^»ffi(tJ;5W*|g^ 
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[HI 5] HI 3(^Lfc^3*»«iiiS¥¥^ 
[11 6] HI 3(^Lfc^3»»ffilii5^J»fr^ 
[HI 7] HI 3fcjSLfc&3*ffiJg«fcJ;5¥i!|fl38 

[hi s] hi 3ic^L±%3mMwmic£z>^mfrm 

3t3S^©a!jt7 p n-fe^S:UiM't-Sfc»o»fffill-e*>5. 
[HI 9] «*©^^**»^^^LfcifffiH-efc 

3„ 

[820] H l 9 iz*L1tfe*<D¥mft%?tt%?<o2&k 
-f n ir * £ 1ft 0J -T 5 fc * © Bf ffi 1 T? S> 5 a 

[121)819 t^Lfcft*®^ft:|iS*^©»Bg 
y n ir * £ fa BJ -T 5 fc A © » ffi 1 T 5 a 

[i22]ii9 i^Ltm^co^mimm^om^. 

[HI] 



B23] ii9i^ Ltc%M<D^mim^m^Mm 

T'n-fc^&fftBll-f 5fc*©»fffiia-C$>5. 
[12 4] ai9tS Lfc«®^f*|S*»^ ©»3£ 

[025] aigts Lfc«©^«f*is^»^ <Dmm 
■? o -t * & ift n -r 5 fc * © if a h -n h 5 . 

5 ffittH 

7 pl?7? KB 

8 pS^y^^M 

9 ftftgt 

9 a HlPgR 

1 0 pits (Hi) 

1 1 a, 1 1 b /<v YmM 

1 3 ^-mt^y* v 

2 0 pISS (Hi) 

2 1 Uv 1 * h 

3 0 piss mmm) 

3 1 pimeji mmm) 

[02] 
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[011] 



[013] 
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[019] 



[H2 0] 




